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system for personal identificacion and imparment 
assessment from brain activity patterns 



The invention provides an apparatus and method for identifying based upon patterns of 
physiological activity generated in the brain and for distinghuishing between normal and impaired 
brain states in any particular individual. These patterns may be obtained by directly or indirectly 
recording the electrical and/or magnetic activity associated with sensory, cognitive, and motor 
prodessing in the brain. This activity may be recorder using sensors placed in, on, or near the scalp. 
In this system samples of individual brain activity are stored in an "intelligent" data base of data 
acquisition/transformation stage which has the capability to learn to distinguish the individual 
characteristics of normal patterns of brain activity. 
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[57] ABSTRACT 

The invention provides an apparatus and method for 
identifying individuals based upon patterns of physio- 
logical activity generated in the brain and for distin- 
guishing between norma) and impaired brain states in 
any particular individual. These patterns may be ob- 
tained by directly or indirectly recording the electrical 
and/or magnetic activity associated with sensory, cog- 
nitive, and motor processing in the brain. This activity 
may be recorded using sensors placed in, on, or near the 
scalp. In this system, samples of individual brain activity 
are stored in an "intelligent" data base of a data acquisi- 
tion/transformation stage which has the capability to 
learn to distinguish the individual characteristics of 
normal patterns of brain activity. 
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First stimulating of the individual with a first at least one 
controlled stimulation event to evoke a first event related 
response of the physiological activity generated in the brain 



Providing of a series of controlled stimulation events for 
each individual that evokes a series of event related 
responses of the physiological activity generated in the brain 



I 



First sensing of the signals representative of the first 
series of or at least one event related response of the 
physiological activity generated in the brain with at least one 
sensor disposed on the scalp or skin of the individual 



First receiving of the signals representative of the first 
series of or at least one event related response of the 
physiological activity generated in the brain 



1 



First transforming of the signals representative of the first 
series of or at least one event related response of the 
physiological activity generated in the brain into first 
pattern classification feature signals that are representative 
of the patterns of physiological activity generated 
in the brain of the individual 
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Storing of the first pattern classification feature 

signals of the patterns of physiological 
activity generated in the brain of the individual 
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To FIG. 3b 
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From FIG. 3a 
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Subsequently stimulating of the individual with a subsequent 
at least one controlled stimulated event for the individual 
evokes a subsequent event related response of the 
physiological activity generated in the brain 



i 



Subsequently sensing of the subsequent at least one event 
related response of the physiological activity generated in 
the brain to provide signals representative of the 
physiological activity generated in the brain 



I 



Subsequently transforming of the signals representative of the 
subsequent at least one event related response of the phys- 
iological activity generated in the brain Is made into subsequent patternL^^Q 
classification feature signals representative of the patterns of 
physiological activity generated in the brain of the individual 



'150 



Comparing of the stored pattern classification feature signals 
of the patterns of physiological activity generated in the 
brain of the individual with the subsequent pattern 
classification feature signals representative of the patterns of 
physiological activity generated in the brain of the individual 
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Indication of a brain impaired condition 
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computer having a neural network in the data acquisi- fication system that would be able to take advantage of 
tion/transformation stage- In either case, the neural new and future brain technologies, such as brain map- 
network transforms the signals representative of the ping and imaging. 

first and subsequent event related responses of the phys- Another object of the invention is to provide an appa- 

iological activity generated in the brain to create, train 5 rams for, and method of, assessing job performance 

and test the neural network in accordance with known and /or functional impairment of an individual having 

neural network modes of operation and neural network applications for security/intelligence/interrogation, 

techniques. This transforming distinguishes the first and personnel reliability identification and assessment, neo- 

subsequent pattern classification feature signals repre- natal and infant identification, 

sentative of the patterns of physiological activity gener- 10 Another object of the invention is to provide an appa- 

ated in the brain of the individual. rat us for, and method of, assessing job performance 

As a further option, the first stimulating may be by a and/or functional impairment of an individual that is 

series of controlled stimulation events for each individ- difficult to subvert because of its reliance on the use of 

ual that evokes a series of event related responses of the physiological measures, for example, the use of brain 

physiological activity generated in the brain. The sensor 15 activity resulting from sensory, cognitive and motor 

disposed on the scalp or skin of the individual now processing to identify individuals, 

effects a sensing to provide a series of signals represen- Another object of the invention is to provide an appa- 

tative of the series of first event related responses of the ratus for, and method of, assessing job performance 

physiological activity generated in the brain. The first and/or functional impairment of an individual that is 

transforming by the data acquisition /transformation 20 objective and very quickly performed by the utilization 

stage transforms the series of signals representative of of neural network technology to classify ERP and/or 

the first event related responses of the physiological ERF waveforms- 

activity generated in the brain into the first pattern Another object of the invention is to provide an appa - 

classification feature signals representative of the pat- ratus for, and method of, assessing job performance 

terns of physiological activity generated in the brain of 25 and /or functional impairment of an individual that 

the individual. Again, storing provides for the storage would be able to take advantage of new and future brain 

of the first pattern classification feature signals repre- technologies, such as brain mapping and imaging, 

sentative of the patterns of physiological activity gener- These and other objects of the invention will become 

ated in the brain of each individual. more readily apparent from the ensuing specification 

An object of the invention is to provide an apparatus 30 and drawings when taken in conjunction with the ap- 

for, and method of, utilizing event related potential pended claims. 

^ ^ WaVCf<>nM BRIEF DESCRIPTION OF THE DRAWINGS 
Another object of the invention is to provide an appa- FIG, 1 shows a schematic representation of an over- 
rate for, and method of, utilizing ERP and/or ERF 35 view of the hardware and software systems of the indi- 
morphology for personal identification, vidual identification and/or impairment method/sys- 

Another object of the invention is to provide an appa- tem + 

ratus for, and method of, personal identification relying FIG. 2 shows a graphic representation of the process 

on an individual's ERP and/or ERF pattern, or "brain- for making decisions about any new sample of event 

print", or "brain signature". 40 related potentials, ERP and/or event related fields, 

Another object of the invention is to provide an appa- ERF once the neural network has been trained (four 

ratus for, and method of, assessing job performance ERP data samples are depicted being processed by the 

and/or functional impairment due to fatigue, stress, neural network). 

alcohol and drug abuse, and other factors. FIGS. 3a and 3£ depict a method of the invention. 

Another object of the invention is to provide an appa- 45 slcr TPTTON OF THF PR FFFR* FH 

ratus for, and method of, assessing job performance DE ^ 

and/or functional impairment due to fatigue, stress, EMBODIMENT 

alcohol and drug abuse, and other factors by the identi- For more than 50 years, the research literature has 

fication of critical changes in individual ERP and/or suggested that there are large individual differences in 

ERF patterns, 50 the electrical and magnetic activity in the brain. There 

Another object of the invention is to provide an appa- is also evidence that some of the characteristics of brain 

ratus for, and method of t providing an individual identi- activity may be relatively stable when measured from 

fication system having applications for security /intel- day to day. Brain responses to sensory stimulation (e.g. 

ligence/inter rogation, personnel reliability identifier visual, auditory, somatosensory, olfactory, gustatory) as 

tion and assessment, neonatal and infant identification. 55 well as higher-order cognitive processing (e*g*, deci* 

Another object of the invention is to provide an appa- si on-making), now can be examined in great detail using 
ratus for, and method of, providing an individual identi- a variety of recording procedures. An ongoing record 
fication system that is difficult to subvert because of its of brain electrical activity records is called an electroen- 
reliance on the use of physiological measures, for exam* cephalogram (EEG), and a comparable record of mag- 
pie, the use of brain activity resulting from sensory, 60 netic activity is called a magnetoencephalogram 
cognitive and motor processing to identify individuals. (MEG). However, EEG and MEG records may show 

Another object of the invention is to provide an appa- apparent "variation" beyond individual subject varia- 

ratus for t and method of, providing an individual identi- tion. Special techniques may be necessary to stabilize 

fication system that is objective and very quickly per- activity patterns. Brain activity can be stabilized by 

formed by the utilization of neural network technology 65 strict control of the conditions under which brain re- 

to classify ERP and/or ERF waveforms, sponses are generated. When human sensory systems 

Another object of the invention is to provide an appa- are stimulated by an event such as a flash of light or a 

ratus for, and method of, providing an individual identi* tone, there is a predictable sequence of processing that 
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occurs in the brain. This processing generates an event- erate the data. There are numerous neural networks in 
related potential (ERP) that can be recorded from the the brain, and these networks have very complex inter- 
scalp beginning shortly after the onset of stimulation , connections and nonlinear response patterns, Relation- 
and lasting for 1-3 seconds after the stimulation. These ships between the latencies and amplitudes of ERP and 
ERPs can be repeatedly generated from individuals 5 ERF waveform features are becoming increasingly well 
given the same stimulus. Due to the low amplitude of understood* In addition, there are many individual van* 
the signal, it is often necessary to repeatedly sample the ations in waveform morphology which complicate the 
response to the stimulus, and to average the response identification of specific waveform features, 
patterns, ERP measures are in the microvolt range. Recently, new computing techniques which are mod- 
Comparable records of averaged magnetic activity 10 eled after brain neural functioning have been devel- 
are called evoked Fields or event -related fields (ERFs), oped, As a general class, these are called neural network 
Neuromagnetic measures have only recently been made analysis techniques. The neural network analysis tech- 
possible. Due to the low amplitude of the signal, cur- nology offers a method for finding complex, nonlinear 
rently special low temperature, superconducting sys- relationships in large data sets* even when the nature of 
iems are required to measure the magnetic signals emit- 15 the relationships is not known in advance. Neural net- 
ted by brain tissue. The magnetic unit of measurement is work technology is most often implemented using com- 
femtoTesla (10~ 15 Tesla), New materials are being de- puter software programs, but hardware implementa- 
veloped which will allow superconductivity at a much tions of the technology are also available. Neural net- 
higher temperature resulting in decreased cost and in- work theory, and detailed descriptions of specific tech- 
creased availability of neuromagnetic equipment. 20 niques are available in numerous books and articles, see, 
Neuroelectric and neuromagnetic recordings are sub- for example, the theory and technique information by J, 
sets of more general measures, called bioelectric and Dayhoff, Neural Network Architectures: An Introduction 
biomagnetic measures. Bioelectric and biomagnetic New York: Van Nostrand Reinhold, (1990); by D. R 
measures refer to recordings from many different types Rum el hart & J, L + McClelland, Parallel Distributed 
of tissue including neural, muscle, heart, and lungs. 25 Processing. Volume 1; Foundations, Cambridge: The 
ERP recordings have been shown to be stable and MIT Press, (1986); by J. L, McClelland and D, E, 
unique to individuals, see the articles by P. Naitoh and Rumelhart, Parallel Distributed Processing. Vol 2: Psy- 
G. W. Lewis, "Statistical Analysis of Extracted Fea- etiological and Biological Models, The MIT Press, Cam- 
tures," in Recent Advances in EEG and EMG Processing, bridge, 1986; and by P. Wasserman, Neural Computing; 
edited by N, Yamaguchi and K. Fujisawa, editors, El- 30 Theory and Practice, van Nostrand Reinhold, New 
scvier/North Holland Biomedical Press, Amsterdam, York, 1989, A unique feature of this technology is the 
1981, pp, 179-194; by G. W, Lewis, "Temporal stability capability to learn which features of a data set can be 
of multichannel, multimodal ERP recordings", jfote/wi- used to classify the examples into either unknown or 
tional Journal of Neuroscience, 25, 131-144, (1984); and predetermined categories. There are a variety of neural 
by D. Ryan- Jones and G, W. Lewis, * ( Neural net- 35 network techniques which could be used to classify 
work analysis of event-related potential (ERP) Data", ERP or ERF patterns. Neural networks may differ in 
in Independent Research and Independent Exploratory the way the elements are interconnected, the way the 
Development Programs: FT)\ Annual Report (NPRDC data are processed, as well as the way in which the 
Report AP-92-5), edited by W, E, Montague, Navy network structure is modified during learning. In most 
Personnel Research and Development Center* San 40 networks, input data values are adjusted through a se- 
Diego, 1992, Although the actual shape of an ERP ries of layers by a series of transforms and weights so 
varies considerably from individual to individual, there that the output category is correctly predicted. For 
is stability within individuals over time for individual example, if all of the possible examples are contained in 
waveforms, Sources of ERP variation include individ- the data set, then a self-organizing network could be 
ual differences in brain anatomy and differences in the 45 used to classify the brainwave data. If only some of the 
way in which information is processed by the individ* possible examples are in the data set, then a network 
ual. Therefore, it is now feasible to demonstrate the use which utilized supervised learning could be more ap- 
of "brain signatures" for security, intelligence, and propriate. The most commonly used and best described 
other military and civilian purposes, network is the backpropagation network. This network 
In accordance with this inventive concept ERP and- 50 is named because the error in output classification is 
/or ERF waveforms can be used as classifiers for sev- used to adjust the weights at each level in the network 
eral purposes. First, since ERP and/or ERF morphol- in a backward fashion. 

ogy is relatively unique to individuals, an individual's In accordance with this inventive concept, known 
ERP and/or ERF pattern, or "brainprint", can be used facts, as well as old and new technologies, are applied 
for personal identification in a manner analogous to 55 for the first time in a unique way. Some of the key 
fingerprints. Second, because there is remarkable de- components include sensors which are attached or oth- 
gree of stability in individual waveforms over time, it is erwise suitably disposed adjacent to the scalp or skin, a 
possible to identify critical changes in individual ERP neuroelectric or neuromagnetic recording system con- 
and/or ERF patterns which can be used to assess job sisting of a computer (e.g* personal, mini or mainframe), 
performance and functional impairment due to fatigue, 60 signal amplifiers and/or filters, software for data acqui- 
stress, alcohol and drug abuse, and other factors. Other sition, processing, analysis and display, and neural net- 
potential uses of the individual identification system work hardware and/or software, 
include security/intelligence/interrogation, personnel Referring now to the drawings, FIG- 1 shows an 
reliability identification and assessment, neonatal and overview of the hardware and software system 10 for 
infant identification. 65 identifying individuals and/or for distinguishing be* 
Heretofore, one problem which has limited the inter- tween normal and impaired brain states in any particu- 
pretation and use of bioelectric and biomagnetic data is lar individual based upon patterns of physiological ao 
the sheer complexity of the brain networks which gen- tivity generated in the brain. An individual subject S to 
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be tested for identification purposes or for distinguish- gests that adequate electrical contact has not been ob- 

ing between normal and impaired brain states has at tained, and would allow "noise** such as 60 Hz line 

least one sensor, in this case, two electrodes 11 and 12 voltage to contaminate the recordings. Amplifier gain 

placed on the scalp in association with a reference elec- of the amplifier stage is about 20000 and the filter band- 

trode, or magnetic sensors appropriately mounted 5 pass setting is about 0,1-100 Hz for each of the sensed 

above the scalp recording sites. The electrodes selected signals. The gain of 20000 is used to take an average 50 

for this purpose may be commercially available units microvolt signal up to about 1 volt for adequate input to 

such as those commercially marketed by Electro-Cap the analog*to-digital converter in a computer in a data 

International 1300 North Barron Street, Box 87 t Sax ton acquisition/transformation stage (or transformer stage) 

Ohio 45320, which may be made of tin to minimize 10 20. 

depolarization. The electrodes are attached to the scalp The amplified signals representative of physiological 

using a suitable electrolyte material which also is com* activity in the brain from amplifier stage 16 are coupled 

mercially available from a number of sources such as to data acquisition/transformation stage 20 that in- 

Electro-Cap International. A wide variety of electrodes eludes a Dell model 325 personal computer (PC), The 

or sensors fabricated from a number of appropriate IS PC of the data acquisition/transformati on stage is based 

materials may be selected to provide the monitored on an Intel 386 CPU chip and runs at 25 MHZ* has 8 

potentials (or monitored magnetic signals in the case of Mbytes of random access memory, a 1 Gbyte hard disk, 

magnetic sensing) that conform to the standards of the MSDOS 5,0 operating system, 14" VGA display moni- 

10/20 International System, see for example, the article tors (0.28" dot pitch), a monitor for the experimenter- 

by R Jasper, "The ten-twenty electrode system of the 20 /operator, and a monitor for presenting the visual stim- 

Internationa) Federation", Electroencephalography and uli to the subject. It is apparent to one skilled in the art 

Clinical Neurophysiology, 10, 371-375, (1958). that a variety of other electrodes, amplifiers, filters, 

In accordance with this invention, the signals re- impedance meters, and computers, disks, memory, op- 

ceived by the sensors have been termed response and crating systems and monitors could have been selected 

responses to infer or imply evoked or event related 25 having other suitable capabilities other than those spe- 

potemials and/or event related fields. While a pair of cifically identified above to appropriately process the 

electrodes are referred to in this illustrative embodi- incoming signals representative of physiological activ- 

ment, it is to be understood that one skilled in the art to ity in the brain in accordance with this inventive con- 

which this invention pertains could select any number cept 

or models and configurations of electrodes or magnetic 30 The analog data representative of the sensed physio- 
sensors, or combinations of electrodes and magnetic logical activity in the brain are sampled, converted to 
sensors, and appropriately apply them to gather the digital format, and analyzed using suitable hardware 
signals of physiological activity in the brain without and software well known to one skilled in the art to 
departing from the scope of this inventive concept. which this invention pertains. A NeuroScan, Inc, 
Furthermore, it is apparent to one of ordinary skill in 35 SCAN hardware and software subsystem of NeuroS- 
the art that the location of the electrodes and magnetic can, Inc. of 1035 Sterling Road, Suite 103, Herndon, 
sensors could be changed to appropriately monitor the Va. 22070-3806 was selected for the PC to provide the 
relevant brain tissue emitting electrical and magnetic desired sampling, conversion to digital format, and 
signals of physiological activity in the brain for arriving analysis in accordance with this inventive concept, 
at a suitable patterning for a desired purpose, such as, 40 Sampling rate of the NeuroScan, Inc. SCAN is typt- 
but not limited to identification and/or an impaired cally 128 Hz. In accordance with teachings disclosed 
condition. herein one skilled in the an to which the invention 

Sensing electrodes 11 and 12 are located at the pari- pertains can select from the many commercially avail* 
etal (PZ) and frontal (FZ) sites were each referenced to able other data sampling, conversion and storage de- 
electrode Ml disposed on the left mastoid region, using 45 vices and software packages and processing schemes to 
two separate amplifiers. An additional amplifier re- practice this inventive concept 
corded electrical voltage from Ml referenced to elec- A visual/audio stimulator stage, or visual stimuli 
trode M2 disposed on the right mastoid area. The elec- stage 30 is electronically coupled to data acquisition/- 
trical activity from Ml and M2 were averaged through transformation stage 20 and includes a second PC 31 
software in a common technique called digital re- SO (Dell, model 325) coupled to a video monitor 32 to 
referencing. Re-referencing was done to obtain an "av- primarily function as a visual stiraulator v The PC part of 
erage*' reference from the brain. the visual stimuli stage and has a similar configuration 

The electrical voltage picked up by the electrodes to data acquisition/transformation stage 20 except that 
produced by physiological activity in the brain is very it is provided with a 340 Mbyte hard disk that is coupled 
small, in the microvolt range, and must be amplified and 55 to the PC of data acquisition/transformation stage 20 
filtered by a amplifier stage 16 + The amplifier stage is through suitable interface hardware and software corn- 
made up of typically, one amplifier for each electrode mercially available by NeuroScan, Inc. as NeuroStim. 
and its reference, A typical amplifier is a Model 12A5 , Visual stimuli stage 30 provides the visual stimuli in 
by the Grass Co,, Quincy Mass, 02169 that not only synchronization with the data gathering of the event 
amplifies the sensed signals but also provides for a de* 60 related responses by the electrodes and processing of 
gree of filtering of unwanted signals. data acquisition/transformation stage 20, such as light 

To ensure adequate recording attachment of the elec- flashes or selected short duration images that are pres- 

trodeSt the impedance of each electrode is measured ented for subject S via video monitor 32 which has the 

prior to recording using a Grass Co. Impedance meter, capability to give many options for stimulus presenta- 

model EZMID. Typical meter readings should be 5000 65 tion including auditory, psychomotor, complex cogni- 

ohms or less. The electrode impedance provides an tive tasks, or other scenarios which may be developed 

index of how well the electrodes are attached to the by the user. It is apparent to one skilled in the art to 

scalp. Impedances greater than about 5000 ohms sug- which this invention pertains that other appropriate 
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be tested for identification purposes or for distinguish- gests that adequate electrical contact has not been ob- 
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least one sensor, in this case, two electrodes 11 and 12 voltage to contaminate the recordings. Amplifier gain 

placed on the scalp in association with a reference elec- of the amplifier stage is about 20000 and the filter band- 

trode, or magnetic sensors appropriately mounted 5 pass setting is about 0,1-100 Hz for each of the sensed 

above the scalp recording sites. The electrodes selected signals. The gain of 20000 is used to take an average 50 

for this purpose may be commercially available units microvolt signal up to about 1 volt for adequate input to 

such as those commercially marketed by Electro-Cap the analog*to-digital converter in a computer in a data 

International 1300 North Barron Street, Box 87 t Sax ton acquisition/transformation stage (or transformer stage) 

Ohio 45320, which may be made of tin to minimize 10 20. 

depolarization. The electrodes are attached to the scalp The amplified signals representative of physiological 

using a suitable electrolyte material which also is com* activity in the brain from amplifier stage 16 are coupled 

mercially available from a number of sources such as to data acquisition/transformation stage 20 that in- 

Electro-Cap International. A wide variety of electrodes eludes a Dell model 325 personal computer (PC), The 

or sensors fabricated from a number of appropriate IS PC of the data acquisition/transformati on stage is based 

materials may be selected to provide the monitored on an Intel 386 CPU chip and runs at 25 MHZ* has 8 

potentials (or monitored magnetic signals in the case of Mbytes of random access memory, a 1 Gbyte hard disk, 

magnetic sensing) that conform to the standards of the MSDOS 5,0 operating system, 14" VGA display moni- 

10/20 International System, see for example, the article tors (0.28" dot pitch), a monitor for the experimenter- 

by R Jasper, "The ten-twenty electrode system of the 20 /operator, and a monitor for presenting the visual stim- 

Internationa) Federation", Electroencephalography and uli to the subject. It is apparent to one skilled in the art 

Clinical Neurophysiology, 10, 371-375, (1958). that a variety of other electrodes, amplifiers, filters, 

In accordance with this invention, the signals re- impedance meters, and computers, disks, memory, op- 

ceived by the sensors have been termed response and crating systems and monitors could have been selected 

responses to infer or imply evoked or event related 25 having other suitable capabilities other than those spe- 

potemials and/or event related fields. While a pair of cifically identified above to appropriately process the 

electrodes are referred to in this illustrative embodi- incoming signals representative of physiological activ- 

ment, it is to be understood that one skilled in the art to ity in the brain in accordance with this inventive con- 

which this invention pertains could select any number cept 

or models and configurations of electrodes or magnetic 30 The analog data representative of the sensed physio- 
sensors, or combinations of electrodes and magnetic logical activity in the brain are sampled, converted to 
sensors, and appropriately apply them to gather the digital format, and analyzed using suitable hardware 
signals of physiological activity in the brain without and software well known to one skilled in the art to 
departing from the scope of this inventive concept. which this invention pertains. A NeuroScan, Inc, 
Furthermore, it is apparent to one of ordinary skill in 35 SCAN hardware and software subsystem of NeuroS- 
the art that the location of the electrodes and magnetic can, Inc. of 1035 Sterling Road, Suite 103, Herndon, 
sensors could be changed to appropriately monitor the Va. 22070-3806 was selected for the PC to provide the 
relevant brain tissue emitting electrical and magnetic desired sampling, conversion to digital format, and 
signals of physiological activity in the brain for arriving analysis in accordance with this inventive concept, 
at a suitable patterning for a desired purpose, such as, 40 Sampling rate of the NeuroScan, Inc. SCAN is typt- 
but not limited to identification and/or an impaired cally 128 Hz. In accordance with teachings disclosed 
condition. herein one skilled in the an to which the invention 

Sensing electrodes 11 and 12 are located at the pari- pertains can select from the many commercially avail* 
etal (PZ) and frontal (FZ) sites were each referenced to able other data sampling, conversion and storage de- 
electrode Ml disposed on the left mastoid region, using 45 vices and software packages and processing schemes to 
two separate amplifiers. An additional amplifier re- practice this inventive concept 
corded electrical voltage from Ml referenced to elec- A visual/audio stimulator stage, or visual stimuli 
trode M2 disposed on the right mastoid area. The elec- stage 30 is electronically coupled to data acquisition/- 
trical activity from Ml and M2 were averaged through transformation stage 20 and includes a second PC 31 
software in a common technique called digital re- SO (Dell, model 325) coupled to a video monitor 32 to 
referencing. Re-referencing was done to obtain an "av- primarily function as a visual stiraulator v The PC part of 
erage*' reference from the brain. the visual stimuli stage and has a similar configuration 

The electrical voltage picked up by the electrodes to data acquisition/transformation stage 20 except that 
produced by physiological activity in the brain is very it is provided with a 340 Mbyte hard disk that is coupled 
small, in the microvolt range, and must be amplified and 55 to the PC of data acquisition/transformation stage 20 
filtered by a amplifier stage 16 + The amplifier stage is through suitable interface hardware and software corn- 
made up of typically, one amplifier for each electrode mercially available by NeuroScan, Inc. as NeuroStim. 
and its reference, A typical amplifier is a Model 12A5 , Visual stimuli stage 30 provides the visual stimuli in 
by the Grass Co,, Quincy Mass, 02169 that not only synchronization with the data gathering of the event 
amplifies the sensed signals but also provides for a de* 60 related responses by the electrodes and processing of 
gree of filtering of unwanted signals. data acquisition/transformation stage 20, such as light 

To ensure adequate recording attachment of the elec- flashes or selected short duration images that are pres- 

trodeSt the impedance of each electrode is measured ented for subject S via video monitor 32 which has the 

prior to recording using a Grass Co. Impedance meter, capability to give many options for stimulus presenta- 

model EZMID. Typical meter readings should be 5000 65 tion including auditory, psychomotor, complex cogni- 

ohms or less. The electrode impedance provides an tive tasks, or other scenarios which may be developed 

index of how well the electrodes are attached to the by the user. It is apparent to one skilled in the art to 

scalp. Impedances greater than about 5000 ohms sug- which this invention pertains that other appropriate 
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these signals would progress. ERP A, ERP B and ERP 70/140 (50%) of the ERPs based on the highest output 
C signals and identification patterns signals 70A infor- value, These results were statistically significant given 
mation were provided as additional outputs from data that each of the 35 subjects was a separate output cate- 
acquisition/transformation stage 20 as identification gory. An additional metric was used to evaluate the 
patterns signals ERP A', ERP B\ ERP C and identify 5 correctness of classification for the subjects. To be con- 
cation patterns signals 70 A for use and further process- sidered to be correctly classified, the network must 
ing by other interconnected computers that may be, for assign the highest output value to 2 of the 4 ERP sanv 
example, in a network of stations that require an imme- pies. Therefore, the network correctly classified 29/35 
diate identification or impairment screening of person- (83%) of the subjects. 

neL 10 Findings from the preliminary test were used to mod- 
Identification and/or impairment screening of a sub- ify the apparatus/method of this inventive concept 
ject is performed relatively fast. The subject's initial, which was tested using ERP data from 40 different male 
first or past identification pattern is retrieved from data subjects* Subjects were not preselected on any factor* 
acquisition/transformation stage 20 and compared to a including task or job performance. Data from a sensor 
present or subsequent pattern of physiological activity 15 from an additional recording site over the frontal region 
generated in the brain that is sensed from the subject of the brain (FZ) was added to the data from Pz to 
when the subject is to be later tested for the identtfica- allow for more classification features* Recording and 
tion or impairment determination* A visual readout may averaging of the ERP records were the same noted in 
be provided by a screen, the two preceding paragraphs. However, the 5 pre- 
Referring to FIG* 2, a 3-Iayer backpropagation net* 20 stimulus windows for each site were deleted from the 
work 60 in PC data acquisition/transformation stage 20 data set. The study used 320 ERPs total (8 ERPs/sub- 
having an input layer 60 A, a hidden layer 60B, and an ject X 40 subjects =320 ERPs). There were 160 ERPs in 
output layer 60C may be sufficient if the data set is each of the training and testing sets. The 3-layer neural 
relatively small (e-g*> less than 100 individuals in the network consisted of an input layer of 40 elements (20 
data base). The network may only require a single hid- 25 ERP windows from each site), a hidden layer with 40 
den layer with the same number of processing elements elements, and an output layer with 40 elements (sub- 
as inputs. One important step is the training and testing jects)* All of the ERPs were correctly classified during 
of the network, Half of the ERPs from the sample are training, and a substantial improvement in the classifica- 
used to train the neural network to distinguish between tion of the test examples was seen during testing, The 
each individual. The other half of the ERPs are used to 30 network correctly classified 1 17/160 (73%) ERPs in the 
verify that the neural network is performing at the re- test set. The classification described above showed that 
quired level, Once the neural network has been trained, 39/40 (97-5%) of the subjects were correctly classified 
the network can be used to make decisions about any by the criterion of at least two of four ERPs for each 
new sample of ERPs. This process is shown graphically individual . 

in FIG, 2. Samples of ERP data from four (4) individu- 35 Although at the present there are no other known 

als, named John, Greg, Jim and David, are processed by ways to record brain function, in a practical way, other 

the neural network. Identification of the individuals is than neuroelectric contact electrodes or neuroinagnetic 

shown at output layer 60C. pickup sensors, it is envisioned that other brain function 

A preliminary test using neural network analysis of sensors may evolve and be applicable to this inventive 

ERP patterns performed on 35 males had each subject 40 concept. Positron emission tomography (PET) technol- 

perform 400 trials of a two-letter ("o" and '*c") discrimi- ogy is able to describe anatomical relationships and 

nation task. ERP data were recorded from site PZ refer- some physiological processing. However, PET is very 

enced to the digitally-linked mastoid regions. Site PZ is expensive and may need improvement in temporal reso- 

located over the parietal region of the brain, which is lution for effective assessment of cognitive processing 

believed to be a sensory association/integration area. 45 to lessen the several minutes of data recording required 

The ERPs were sampled from —200 ms prestimulus to to show brain processing. PET is also an "active" tech- 

1000 ms poststimulus at 128 Hz, 20000 amplifier gain, nology requiring the injection of labeled radioisotopes 

and 0.1-100 Hz filter bandpass. The ERP data were to function. The ERP/ERF technology of this inven- 

divided into 8 blocks of 50 trials (400 total). The first ten tive concept is totally "passive," in that no energy or 

(10) trials in each block with correct behavioral re- 50 material need be injected or inserted in subjects to ob- 

sponses (hits) were averaged by conventional methods tain the ERP/ERF data. Alternative technologies such 

to obtain 8 ERPs for each of the 35 subjects (280 ERPs as computerized axial tomography (CAT) and magnetic 

total). The ERPs were divided into 25 windows which resonance imaging (MRI) are possible candidates for 

were about 47 ms wide, by averaging 6 data points in the proposed identification system, but are extremely 

each window, A backpropagation network was used to 55 expensive, and are "active" systems, 

classify the ERP data. The 3-Iayer network consisted of Referring to FIGS + Za and Zb, in accordance with this 

an input layer with 25 elements (ERF windows), a hid- inventive concept the disclosed apparatus assures a 

den layer with 25 elements, and an output layer with 35 method that provides an identification of an individual 

elements (individual subjects). based upon patterns of physiological activity generated 

The ERPs for the subjects were divided into training 60 in the brain of the individual. A first stimulating 100 of 

and test sets. The training set consisted of the ERP data the individual with a first controlled stimulation event 

from the odd-numbered blocks, and the test set con- evokes a first event related response of the physiology 

sistcd of the ERP data from the even-numbered blocks. teal activity generated in the brain. This permits an 

All of the examples in the training set (4 ERPs for each initial or first sensing 110 of the signals representative of 

of the 35 subjects) were correctly learned by the back- 65 the first event related response of the physiological 

propagation network to the required criterion. The activity generated in the brain with at least one sensor 

neural network was then tested using the different 11, 12 etc., disposed on the scalp or skin of the individ- 

ERPs from the test set. The network correctly classified ual and an initial or first receiving 120 of the signals 
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representative of the first event related response of the 
physiological activity generated in the brain in a data 
acquisition/transformation stage 20. In the data acquisi- 
tion/transformation stage a first transforming 130 of the 
signals representative of the first event related response 5 
of the physiological activity generated in the brain is 
made into first pattern classification feature signals that 
are representative of the patterns of physiological activ- 
ity generated in the brain of the individual, A providing 
of memory or storing 140 of the first pattern classifies- 10 
tion feature signals of the patterns of physiological ac- 
tivity generated in the brain of the individual is useful 
for later utilization. 

The later utilization of the stored data is provided for 
by a later substantial repeat of the process above. A 15 
subsequent stimulating 150 of the individual with a 
subsequent controlled stimulation event for the individ- 
ual evokes a subsequent event related response of the 
physiological activity generated in the brain. A subse- 
quent sensing 160 of the subsequent event related re- 20 
sponse of the physiological activity generated in the 
brain provides signals representative of the subsequent 
event related response of the physiological activity 
generated in the brain. Next, a subsequent transforming 
170 of the signals representative of the subsequent event 25 
related response of the physiological activity generated 
in the brain is made into subsequent pattern classifica- 
tion feature signals representative of the patterns of 
physiological activity generated in the brain of the indi- 
vidual in the data acquisition/transformation stage, A 30 
comparing 180 of the stored pattern classification fea- 
ture signals of the patterns of physiological activity 
generated in the brain of the individual with the subse- 
quent pattern classification feature signals represents* 
tive of the patterns of physiological activity generated 35 
in the brain of the individual in the data acquisition/- 
transformation stage assures an identification 190 of the 
individual. This procedure and comparing also can 
provide an indication 200 of a brain impaired condition. 

The first and subsequent transforming can be per- 40 
formed by a neural network provided in the data acqui- 
sition/transformation stage, or the first and subsequent 
transforming is performed by a suitably programmed 
computer having a neural network in the data acquisi- 
tion/transformation stage. The neural network trans* 45 
forms the signals representative of the first and subse- 
quent event related responses of the physiological activ- 
ity generated in the brain to create, train and test the 
neural network in accordance with known neural net- 
work operating techniques. This transforming distin- 50 
guishes the first and subsequent pattern classification 
feature signals representative of the patterns of physio- 
logical activity generated in the brain of the individual 

The first stimulating may be the providing 210 of a 
series of controlled stimulation events for each Individ- 55 
ual that evokes a series of event related responses of the 
physiological activity generated in the brain. The first 
sensing by a sensor disposed on the scalp or skin of the 
individual now provides a series of signals representa- 
tive of the series of first event related responses of the 60 
physiological activity generated in the brain. The first 
transforming by the data acquisition/transformation 
stage transforms the series of signals representative of 
the first event related responses of the physiological 
activity generated in the brain into the first pattern 65 
classification feature signals representative of the pat- 
terns of physiological activity generated in the brain of 
the individual Again, as described above the providing 
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of memory (or storing) is essentially the same to provide 
for the storage of the pattern classification feature sig- 
nals representative of the patterns of physiological ac- 
tivity generated in the brain of each individual. 

In addition to the analysis technique described above, 
the traditional statistical techniques are an alternative to 
neural network analysis, However, many assumptions 
must be made of the data, and these techniques may be 
insensitive to nonlinear processes. Neural network tech* 
niques do not make a priori assumptions about the input 
data, and are sensitive to nonlinear characteristics, 
which are found in biological recordings. As a result, 
neural networks consistently provide greater accuracy 
m the classification of complex, nonlinear data than the 
traditional statistical techniques. 

The identification and impairment detection of this 
invention relies upon the use of physiological measures, 
and the utilization of neural network classification. The 
use of brain activity resulting from sensory f cognitive 
and motor processing to identify individuals avoids the 
problems associated with existing identification tech- 
nology which assesses only anatomical features, such as 
the fingerprint, retinal and other anatomical features 
since it would be extremely difficult, if not impossible, 
to subvert brain recordings. Even though fingerprints 
are reliable, they can be disguised or subverted by using 
sandpaper or mild acid on the skin- Retinal features are 
not subvertable, but do not provide an indication of 
processing unless there is manifest abnormality visible 
on the retina* such as tumor or bum. The use of neural 
network technology to classify ERP and/or ERF 
waveforms provides a clear advantage of the identifica- 
tion and impairment detection capabilities of this inven- 
tive concept since all processing can be done objec- 
tively and very quickly. Once the neural network has 
been trained to identify an individual, the testing an 
ERP and/or ERF can be done in a matter of millisec- 
onds. This identification apparatus/method would be 
able to take advantage of new and future brain technol- 
ogies, such as brain mapping and imaging. 

Obviously, many modifications and variations of the 
present invention are possible in the light of the above 
teachings. It is therefore to be understood that within 
the scope of the appended ciaims, the invention may be 
practiced otherwise than as specifically described. 

We claim: 

1. An apparatus for identifying an individual based 
upon data representing at least one pattern of physiolog- 
ical activity generated in the brain of said individual 
comprising: 

a stimulator located with respect to said individual to 
provide a first stimulation event which includes at 
least one stimulus for said individual to evoke a first 
event related pattern of physiological activity gen- 
erated in the brain; 
at least one sensor adapted to be operatively disposed 
with respect to the scalp or skin of said individual 
that provides signals representative of said first 
event related pattern of physiological activity gen- 
erated in the brain; and 
a data acquisition/transformation stage coupled to 
receive said signals representative of said first 
event related pattern of physiological activity gen- 
erated in the brain being adapted to transform said 
signals representative of said first event related 
pattern of physiological activity generated in the 
brain into first pattern classification feature signals 
representative of said first event related pattern of 
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physiological activity generated in the brain of said 
individual, said data acquisition/transformation 
stage being further adapted to provide a memory to 
store said first pattern classification feature signals 
of said first event related pattern of physiological 5 
activity generated in the brain of said individual 
said stimulator being adapted to provide a subse- 
quent stimulation event which includes at least one 
stimulus for said individual to evoke a subsequent 
event related pattern of physiological activity gen- 10 
crated in the brain, said at least one sensor being 
adapted to be operative! y disposed with respect to 
the scalp or skin of said individual to provide sig- 
nals representative of said subsequent event related 
pattern of physiological activity generated m the 15 
brain and said data acquisition/transformation 
stage being adapted to transform said signals repre- 
sentative of said subsequent event related pattern of 
physiological activity generated to the brain into 
subsequent pattern classification feature signals 20 
representative of said subsequent event related 
pattern of physiological activity generated in the 
brain of said individual, said data acquisition/trans- 
formation stage being further adapted to compare 
the stored said first pattern classification feature 25 
signals of said first event related pattern of physio- 
logical activity generated in the brain of said indi- 
vidual with said subsequent pattern classification 
feature signals representative of said subsequent 
event related pattern of physiological activity gen- 30 
crated in the brain of said individual to indicate the 
identification thereof. 

2. An apparatus according to claim 1 in which said at 
least one sensor is at least one pair of a sensor electrode 
and a reference electrode for sensing event-related po- 35 
tentials 

3. An apparatus according to claim 1 in which said at 
least one sensor is a plurality of pairs of sensor elec- 
trodes and reference electrodes for sensing event- 
related potentials. 40 

4. An apparatus according to claim 1 in which said at 
least one sensor is at least one sensor coil for sensing 
event-related fields. 

5. An apparatus according to claim 1 in which said at 



physiological activity generated in the brain of said 
individual, said data acquisition/transformation 
stage being further adapted to provide a memory to 
store said first pattern classification feature signals 
of said first event related pattern of physiological 
activity generated in the brain of said individual, 
said stimulator being adapted to provide a subse- 
quent stimulation event which includes at least one 
stimulus for said individual to evoke a subsequent 
event related pattern of physiological activity gen- 
erated in the brain, said at least one sensor being 
adapted to be operatively disposed with respect to 
the scalp or skin of said individual to provide sig- 
nals representative of said subsequent event related 
pattern of physiological activity generated in the 
brain and said data acquisition/transformation 
stage being adapted to transform said signals repre- 
sentative of said subsequent event related pattern of 
physiological activity generated in the brain into 
subsequent pattern classification feature signals 
representative of said subsequent event related 
pattern of physiological activity generated in the 
brain of said individual, said data acquisition/trans- 
formation stage being further adapted to compare 
the stored said first pattern classification feature 
signals of said first event related pattern of physio- 
logical activity generated in the brain of said indi- 
vidual with said subsequent pattern classification 
feature signals representative of said subsequent 
event related pattern of physiological activity gen- 
erated in the brain of said individual to indicate a 
brain impaired condition of said individual. 
7 + An apparatus according to claim 1 or 6 in which 
said stimulator provides a first series of stimulation 
events to evoke a first series of event related patterns of 
physiological activity generated in the brain, said at 
least one sensor adapted to be operatively disposed with 
respect to the scalp or skin of said individual provides a 
first series of signals representative of said first series of 
first event related patterns of physiological activity 
generated in the brain and said data acquisition/ trans- 
formation stage coupled to receive said first series of 
signals representative of said first series of first event 



least one sensor is a plurality of sensor coils for sensing 45 related patterns of said physiological activity generated 



event-related fields 

6. An apparatus for indicating a brain impaired condi- 
tion of an identified individual based upon data repre- 
senting at least one pattern of physiological activity 
generated in the brain of said individual comprising: 
a stimulator located with respect to said individual to 
provide a first stimulation event which includes at 
least one stimulus for said individual to evoke a first 
event related pattern of physiological activity gen- 
erated in the brain; 
at least one sensor adapted to be operatively disposed 
with respect to the scalp or skin of said individual 
that provides signals representative of said first 
event related pattern of physiological activity gen* 
erated in the brain; and 
a data acquisition/transformation stage coupled to 
receive said signals representative of said first 
event related pattern of physiological activity gen* 
erated in the brain being adapted to transform said 



in the brain is adapted to transform said first series of 
signals representative of said first event related patterns 
of physiological activity generated in the brain into first 
patterns classification feature signals representative of 
50 said first event related patterns of physiological activity 
generated in the brain of said individual, said data acqui- 
sition/transformation stage being further adapted to 
store said first classification feature signals of said indi- 
vidual. 

55 8. An apparatus according to claim 6 in which said at 
least one sensor is at least one pair of a sensor electrode 
and a reference electrode for sensing event-related po- 
tentials, 

9. An apparatus according to claim 6 in which said at 
60 least one sensor is a plurality of pairs of sensor elec- 
trodes and reference electrodes for sensing event- 
related potentials. 
10 + An apparatus according to claim 6 in which said 



at least one sensor is at least one sensor coil for sensing 
signals representative of said first event related 65 event-related fields. 

pattern of physiological activity generated in the 11- An apparatus according to claim tf in which said 
brain into first pattern classification feature signals at least one sensor is a plurality of sensor coils for sens- 
representative of said first event related pattern of ing event-related fields. 



Mas & Manjon Foundation Research Department 



15 



5,325,862 



16 



physiological activity generated in the brain of said 
individual, said data acquisition/transformation 
stage being further adapted to provide a memory to 
store said first pattern classification feature signals 
of said first event related pattern of physiological 5 
activity generated in the brain of said individual 
said stimulator being adapted to provide a subse- 
quent stimulation event which includes at least one 
stimulus for said individual to evoke a subsequent 
event related pattern of physiological activity gen- 10 
crated in the brain, said at least one sensor being 
adapted to be operative! y disposed with respect to 
the scalp or skin of said individual to provide sig- 
nals representative of said subsequent event related 
pattern of physiological activity generated m the 15 
brain and said data acquisition/transformation 
stage being adapted to transform said signals repre- 
sentative of said subsequent event related pattern of 
physiological activity generated to the brain into 
subsequent pattern classification feature signals 20 
representative of said subsequent event related 
pattern of physiological activity generated in the 
brain of said individual, said data acquisition/trans- 
formation stage being further adapted to compare 
the stored said first pattern classification feature 25 
signals of said first event related pattern of physio- 
logical activity generated in the brain of said indi- 
vidual with said subsequent pattern classification 
feature signals representative of said subsequent 
event related pattern of physiological activity gen- 30 
crated in the brain of said individual to indicate the 
identification thereof. 

2. An apparatus according to claim 1 in which said at 
least one sensor is at least one pair of a sensor electrode 
and a reference electrode for sensing event-related po- 35 
tentials 

3. An apparatus according to claim 1 in which said at 
least one sensor is a plurality of pairs of sensor elec- 
trodes and reference electrodes for sensing event- 
related potentials. 40 

4. An apparatus according to claim 1 in which said at 
least one sensor is at least one sensor coil for sensing 
event-related fields. 

5. An apparatus according to claim 1 in which said at 



physiological activity generated in the brain of said 
individual, said data acquisition/transformation 
stage being further adapted to provide a memory to 
store said first pattern classification feature signals 
of said first event related pattern of physiological 
activity generated in the brain of said individual, 
said stimulator being adapted to provide a subse- 
quent stimulation event which includes at least one 
stimulus for said individual to evoke a subsequent 
event related pattern of physiological activity gen- 
erated in the brain, said at least one sensor being 
adapted to be operatively disposed with respect to 
the scalp or skin of said individual to provide sig- 
nals representative of said subsequent event related 
pattern of physiological activity generated in the 
brain and said data acquisition/transformation 
stage being adapted to transform said signals repre- 
sentative of said subsequent event related pattern of 
physiological activity generated in the brain into 
subsequent pattern classification feature signals 
representative of said subsequent event related 
pattern of physiological activity generated in the 
brain of said individual, said data acquisition/trans- 
formation stage being further adapted to compare 
the stored said first pattern classification feature 
signals of said first event related pattern of physio- 
logical activity generated in the brain of said indi- 
vidual with said subsequent pattern classification 
feature signals representative of said subsequent 
event related pattern of physiological activity gen- 
erated in the brain of said individual to indicate a 
brain impaired condition of said individual. 
7 + An apparatus according to claim 1 or 6 in which 
said stimulator provides a first series of stimulation 
events to evoke a first series of event related patterns of 
physiological activity generated in the brain, said at 
least one sensor adapted to be operatively disposed with 
respect to the scalp or skin of said individual provides a 
first series of signals representative of said first series of 
first event related patterns of physiological activity 
generated in the brain and said data acquisition/ trans- 
formation stage coupled to receive said first series of 
signals representative of said first series of first event 



least one sensor is a plurality of sensor coils for sensing 45 related patterns of said physiological activity generated 



event-related fields 

6. An apparatus for indicating a brain impaired condi- 
tion of an identified individual based upon data repre- 
senting at least one pattern of physiological activity 
generated in the brain of said individual comprising: 
a stimulator located with respect to said individual to 
provide a first stimulation event which includes at 
least one stimulus for said individual to evoke a first 
event related pattern of physiological activity gen- 
erated in the brain; 
at least one sensor adapted to be operatively disposed 
with respect to the scalp or skin of said individual 
that provides signals representative of said first 
event related pattern of physiological activity gen* 
erated in the brain; and 
a data acquisition/transformation stage coupled to 
receive said signals representative of said first 
event related pattern of physiological activity gen* 
erated in the brain being adapted to transform said 



in the brain is adapted to transform said first series of 
signals representative of said first event related patterns 
of physiological activity generated in the brain into first 
patterns classification feature signals representative of 
50 said first event related patterns of physiological activity 
generated in the brain of said individual, said data acqui- 
sition/transformation stage being further adapted to 
store said first classification feature signals of said indi- 
vidual. 

55 8. An apparatus according to claim 6 in which said at 
least one sensor is at least one pair of a sensor electrode 
and a reference electrode for sensing event-related po- 
tentials, 

9. An apparatus according to claim 6 in which said at 
60 least one sensor is a plurality of pairs of sensor elec- 
trodes and reference electrodes for sensing event- 
related potentials. 
10 + An apparatus according to claim 6 in which said 



at least one sensor is at least one sensor coil for sensing 
signals representative of said first event related 65 event-related fields. 

pattern of physiological activity generated in the 11- An apparatus according to claim tf in which said 
brain into first pattern classification feature signals at least one sensor is a plurality of sensor coils for sens- 
representative of said first event related pattern of ing event-related fields. 
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31. An apparatus according to claim 28 in which said 
at least one sensor is at least one sensor coil for sensing 
event-related fields. 

32. An apparatus according to claim 28 in which said 

at least one sensor is at least one sensor coil for sensing 5 
event-related fields. 

33. An apparatus according to claim 28 in which said 
at least one sensor is a plurality of sensor coils for sens- 
ing event-related fields. 

34. An apparatus for identifying an individual based 10 
upon data representing at least one pattern of physiolog- 
ical activity generated in the brain of said individual 
comprising; 

a stimulator located with respect to said individual to 
provide a first stimulation event which includes at 15 
least one stimulus for said individual to evoke a first 
event related pattern of physiological activity gen- 
erated in the brain; 

at least one sensor adapted to be operative! y disposed 
with respect to the scalp or skin of said individual 20 
that provides signals representative of said first 
event related pattern of physiological activity gen- 
erated in the brain; and 

a data acquisition/transformation stage coupled to 
receive said signals representative of said first 25 
event related pattern of physiological activity gen- 
erated in the brain being adapted to transform said 
signals representative of said first event related 
pattern of physiological activity generated in the 
brain into first pattern classification feature signals 30 
representative of said first event related pattern of 
physiological activity generated in the brain of said 
individual said data acquisition/transformation 
stage being further adapted to provide a memory to 
store said first pattern classification feature signals 35 
of said first event related pattern of physiological 
activity generated in the brain of said individual, 
said stimulator being adapted to provide a subse- 
quent stimulation event which includes at least one 
stimulus for said individual to evoke a subsequent 40 
event related pattern of physiological activity gen- 
erated in the brain, said at least one sensor being 
adapted to be operatively disposed with respect to 
the scalp or skin of said individual to provide sig- 
nals representative of said subsequent event related 45 
pattern of physiological activity generated in the 
brain and said data acquisition/transformation 
stage being adapted to transform said signals repre- 
sentative of said subsequent event related pattern of 
physiological activity generated in the brain into 50 
subsequent pattern classification feature signals 
representative of said subsequent event related 
pattern of physiological activity generated in the 
brain of said individual, said data acquisition/trans* 
formation stage being further adapted to compare 55 
the stored said first pattern classification feature 
signals of said first event related pattern of physio- 
logical activity generated in the brain of said indi- 
vidual with said subsequent pattern classification 
feature signals representative of said subsequent 60 
event related pattern of physiological activity gen- 
erated in the brain of said individual to indicate the 
identification thereof, said data acquisition/trans- 
formation stage includes a first computer having a 
neural network being suitably programmed to 65 
transform said signals representative of said first 
event related pattern of physiological activity gen- 
erated in the brain and said subsequent event re- 



862 

24 

lated pattern -of physiological activity generated in 
the brain to create, train and test said neural net- 
work to distinguish said first pattern classification 
feature signals and said subsequent pattern classifi- 
cation feature signals of said individual, 
35- An apparatus according to claim 34, in which said 
neural network of said computer of said data acquisi- 
tion/transformation stage is suitably programmed to 
transform said signals representative of said first event 
related pattern of physiological activity generated in 
the brain and subsequent event related pattern of physi- 
ological activity generated in the brain from a plurality 
of individuals to create* train and test said neural net* 
work to distinguish said first pattern classification fea- 
ture signals and said subsequent pattern classification 
feature signals for each of said plurality of individuals. 

36. An apparatus according to claim 35 in which said 
stimulator provides a first series of stimulation events 
for each of said plurality of individuals to evoke a first 
series of event related patterns of physiological activity 
generated in the brain for each of said plurality of indi- 
viduals, said at least one sensor adapted to be opera- 
tively disposed with respect to the scalp or skin of each 
of said plurality of individuals provides a first series of 
signals representative of said first series of first event 
related patterns of physiological activity generated in 
the brain of each of said plurality of individuals and said 
data acquisition/transformation stage coupled to re* 
ceive said first series of signals representative of said 
first series of first event related patterns of said physio- 
logical activity generated in the brain of each of said 
plurality of individuals is adapted to transform said first 
series of signals representative of said first event related 
patterns of physiological activity generated in the brain 
of each of said plurality of individuals into first patterns 
classification feature signals representative of said first 
event related patterns of physiological activity gener- 
ated in the brain of each of said plurality of individuals, 
said data acquisition/transformation stage being further 
adapted to store said first patterns classification feature 
signals representative of said patterns of physiological 
activity generated in the brain of each of said plurality 
of individuals* 

37. An apparatus according to claim 34 in which said 
stimulator provides a first series of stimulation events to 
evoke a first series of event related patterns of physio- 
logical activity generated in the brain, said at least one 
sensor adapted to be operatively disposed with respect 
to the scalp or skin of said individual provides a first 
series of signals representative of said first series of first 
event related patterns of physiological activity gener- 
ated in the brain and said data acquisition/transforma- 
tion stage coupled to receive said first series of signals 
representative of said first series of first event related 
patterns of physiological activity generated in the brain 
is adapted to transform said first series of signals repre- 
sentative of said first event related patterns of physio- 
logical activity generated in the brain into first patterns 
classification feature signals representative of said first 
event related patterns of physiological activity gener- 
ated in the brain of said individual, said data acquisi- 
tion/transformation stage being further adapted to store 
said first patterns classification feature signals of said 
individual. 

38. An apparatus according to claim 37 in which said 
stimulator includes a monitor and a computer coupled 
to said data acquisition/transformation stage to effect 
said first stimulation events of said individual in a prede* 
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termined time sequence with respect to the evoked said transformation stage includes a first computer hav- 

ftrst series of event related patterns of physiological ing a neural network being suitably programmed to 

activity generated in the brain of said individual. transform said signals representative of said first 

39. An apparatus according to claim 38 in which said event related pattern of physiological activity gen- 
at least one sensor is at least one pair of a sensor eleo 5 crated in the brain and said subsequent event re- 
trode and a reference electrode for sensing event- lated pattern of physiological activity generated in 
related potentials. the brain to create, train and test said neural net- 

40. An apparatus according to claim 38 in which said WO rk to distinguish said first pattern classification 
at least one sensor is a plurality of pairs of sensor elec- feature signals and said subsequent pattern classifi- 
trodes and reference electrodes for sensing event- 10 cation feature signals of said individual. 

related potentials. 43 An apparatus according to claim 42 t in which said 

41. An apparatus according to claim 38 m which said neura i network of said computer of said data acquisi- 
at least one sensor is a plurality of sensor coils for sens- tion/transformation stage is suitably programmed to 
ing event^elated fields, transform said signals representative of said first event 

42. An apparatus for indicating a brain impaired con- 15 elated pattem 0 f physiological activity generated in 
dition of an identified individual based upon data repre. the brain ^ Subsequent event Te , ated pattern of physi . 
sentmg at least one pattern of physio ogical activity oIo ^ cal activk generated in tne brain from a luraht 
generated in the brain of said individual compnsing: of iodMdiaat t0 crcat ^ ^ test said nearal net , 

a stimulator located with respect to said individual to work t0 distinguish ^ first patt<;rn classification fea- 

?™«* e •J^«^^.^«*«* inc J ude r s * 20 ture signals and said subsequent pattern classification 

least one stimulus for said individual to evoke a first f + ♦ i ? t * -j i r* j* *j % 

„ , _j M _ r u . , . , * feature signals for each of said plurality of individuals, 

event related pattern of physiological acttvitv gen- am a + * i a* * l *j 

erated in the braiir apparatus according to claim 43 in which said 

at least one sensor adapted to be operatively disposed f viator provides a first series of stimulation events 
with respect to the scalp or skin of said individual 25 for each f o{ P luraht >' of md '^ u als to evoke a first 
that provides signals representative of said first m ?f ^1 • f« era ^ of physio ogical activity 
event related pattern of physiological activity gen- S e f 'f* d in the brain for each of said plurality of it- 
erated in the brain- and v,duaIs ' 831(1 at least one sensor ^P** to be opera- 

a data acquisition/transformation stage coupled to t^lf ^posed with respect to the scalp or skin of each 
receive said signals representative of said first 30 of said plurality of individuals provides a first senes of 
event related pattern of physiological activity gen- SI S nals representative of said first senes of first event 
erated in the brain being adapted to transform said related P**™ of physiological activity generated in 
signals representative of said first event related the brain of each of «** plurality of individuals and said 
pattern of physiological activity generated in the data acquisition/transformation stage coupled to re~ 
brain into first pattern classification feature signals 35 ceive ^ first of *ignds representative of said 
representative of said first event related pattern of first series of event *dftted patterns of said physio- 
physiological activity generated in the brain of said logical activity generated in the brain of each of said 
individual, said data acquisition/transformation plurality of individuals is adapted to transform said first 
stage being further adapted to provide a memory to XTits of signals representative of said first event related 
store said first pattern classification feature signals 40 P att€rns of physiological activity generated in the brain 
of said first event related pattern of physiological of each of said plurality of individuals into first patterns 
activity generated in the brain of said individual, classification feature signals representative of said first 
said stimulator being adapted to provide a subse- cvem related pattern of physiological activity generated 
quent stimulation event which includes at least one m tne Drain of eacn of said plurality of individuals, said 
stimulus for said individual to evoke a subsequent 45 data acquisition/transformation stage being further 
related pattern of physiological activity generated adapted to store said first patterns classification feature 
in the brain, said at least one sensor being adapted signals representative of said patterns of physiological 
to be operatively disposed with respect to the scalp activity generated in the brain of each of said plurality 
or skin of said individual to provide signals repre- °f individuals. 

sentative of said subsequent event related pattern of 50 45, An apparatus according to claim 42 in which said 
physiological activity generated in the brain, and stimulator provides a first series of stimulation events to 
said data acquisition/transformation stage being evoke a first series of event related patterns of physio- 
adapted to transform said signals representative of logical activity generated in the brain, said at least one 
said subsequent event related pattern of physiolog- sensor adapted to be operatively disposed with respect 
ical activity generated in the brain into subsequent 55 to the scalp or skin of said individual provides a first 
pattern classification feature signals representative series of signals representative of said first series of first 
of said subsequent event related pattern of physio- event related patterns of physiological activity gener- 
togical activity generated in the brain of said indi- ated in the brain and said data acquisition/transforma- 
vidual, said data acquisition /transformation stage tion stage coupled to receive said first series of signals 
being further adapted to compare the stored said 60 representative of said first series of first event related 
first pattern classification feature signals of said patterns of said physiological activity generated in the 
first event related pattern of physiological activity brain is adapted to transform said first series of signals 
generated in the brain of said individual with said representative of said first event related patterns of 
subsequent pattem classification feature signals physiological activity generated in the brain into first 
representative of said subsequent event related 65 patterns classification feature signals representative of 
pattern of physiological activity generated in the said first event related patterns of physiological activity 
brain of said individual to indicate a brain impaired generated in the brain of said individual, said data acqui- 
condition of said individual, said data acquisition/- sition/transformation stage being further adapted to 
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termined time sequence with respect to the evoked said transformation stage includes a first computer hav- 

ftrst series of event related patterns of physiological ing a neural network being suitably programmed to 

activity generated in the brain of said individual. transform said signals representative of said first 

39. An apparatus according to claim 38 in which said event related pattern of physiological activity gen- 
at least one sensor is at least one pair of a sensor eleo 5 crated in the brain and said subsequent event re- 
trode and a reference electrode for sensing event- lated pattern of physiological activity generated in 
related potentials. the brain to create, train and test said neural net- 

40. An apparatus according to claim 38 in which said WO rk to distinguish said first pattern classification 
at least one sensor is a plurality of pairs of sensor elec- feature signals and said subsequent pattern classifi- 
trodes and reference electrodes for sensing event- 10 cation feature signals of said individual. 

related potentials. 43 An apparatus according to claim 42 t in which said 

41. An apparatus according to claim 38 m which said neura i network of said computer of said data acquisi- 
at least one sensor is a plurality of sensor coils for sens- tion/transformation stage is suitably programmed to 
ing event^elated fields, transform said signals representative of said first event 

42. An apparatus for indicating a brain impaired con- 15 elated pattem 0 f physiological activity generated in 
dition of an identified individual based upon data repre. the brain ^ Subsequent event Te , ated pattern of physi . 
sentmg at least one pattern of physio ogical activity oIo ^ cal activk generated in tne brain from a luraht 
generated in the brain of said individual compnsing: of iodMdiaat t0 crcat ^ ^ test said nearal net , 

a stimulator located with respect to said individual to work t0 distinguish ^ first patt<;rn classification fea- 

?™«* e •J^«^^.^«*«* inc J ude r s * 20 ture signals and said subsequent pattern classification 

least one stimulus for said individual to evoke a first f + ♦ i ? t * -j i r* j* *j % 

„ , _j M _ r u . , . , * feature signals for each of said plurality of individuals, 

event related pattern of physiological acttvitv gen- am a + * i a* * l *j 

erated in the braiir apparatus according to claim 43 in which said 

at least one sensor adapted to be operatively disposed f viator provides a first series of stimulation events 
with respect to the scalp or skin of said individual 25 for each f o{ P luraht >' of md '^ u als to evoke a first 
that provides signals representative of said first m ?f ^1 • f« era ^ of physio ogical activity 
event related pattern of physiological activity gen- S e f 'f* d in the brain for each of said plurality of it- 
erated in the brain- and v,duaIs ' 831(1 at least one sensor ^P** to be opera- 

a data acquisition/transformation stage coupled to t^lf ^posed with respect to the scalp or skin of each 
receive said signals representative of said first 30 of said plurality of individuals provides a first senes of 
event related pattern of physiological activity gen- SI S nals representative of said first senes of first event 
erated in the brain being adapted to transform said related P**™ of physiological activity generated in 
signals representative of said first event related the brain of each of «** plurality of individuals and said 
pattern of physiological activity generated in the data acquisition/transformation stage coupled to re~ 
brain into first pattern classification feature signals 35 ceive ^ first of *ignds representative of said 
representative of said first event related pattern of first series of event *dftted patterns of said physio- 
physiological activity generated in the brain of said logical activity generated in the brain of each of said 
individual, said data acquisition/transformation plurality of individuals is adapted to transform said first 
stage being further adapted to provide a memory to XTits of signals representative of said first event related 
store said first pattern classification feature signals 40 P att€rns of physiological activity generated in the brain 
of said first event related pattern of physiological of each of said plurality of individuals into first patterns 
activity generated in the brain of said individual, classification feature signals representative of said first 
said stimulator being adapted to provide a subse- cvem related pattern of physiological activity generated 
quent stimulation event which includes at least one m tne Drain of eacn of said plurality of individuals, said 
stimulus for said individual to evoke a subsequent 45 data acquisition/transformation stage being further 
related pattern of physiological activity generated adapted to store said first patterns classification feature 
in the brain, said at least one sensor being adapted signals representative of said patterns of physiological 
to be operatively disposed with respect to the scalp activity generated in the brain of each of said plurality 
or skin of said individual to provide signals repre- °f individuals. 

sentative of said subsequent event related pattern of 50 45, An apparatus according to claim 42 in which said 
physiological activity generated in the brain, and stimulator provides a first series of stimulation events to 
said data acquisition/transformation stage being evoke a first series of event related patterns of physio- 
adapted to transform said signals representative of logical activity generated in the brain, said at least one 
said subsequent event related pattern of physiolog- sensor adapted to be operatively disposed with respect 
ical activity generated in the brain into subsequent 55 to the scalp or skin of said individual provides a first 
pattern classification feature signals representative series of signals representative of said first series of first 
of said subsequent event related pattern of physio- event related patterns of physiological activity gener- 
togical activity generated in the brain of said indi- ated in the brain and said data acquisition/transforma- 
vidual, said data acquisition /transformation stage tion stage coupled to receive said first series of signals 
being further adapted to compare the stored said 60 representative of said first series of first event related 
first pattern classification feature signals of said patterns of said physiological activity generated in the 
first event related pattern of physiological activity brain is adapted to transform said first series of signals 
generated in the brain of said individual with said representative of said first event related patterns of 
subsequent pattem classification feature signals physiological activity generated in the brain into first 
representative of said subsequent event related 65 patterns classification feature signals representative of 
pattern of physiological activity generated in the said first event related patterns of physiological activity 
brain of said individual to indicate a brain impaired generated in the brain of said individual, said data acqui- 
condition of said individual, said data acquisition/- sition/transformation stage being further adapted to 
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or skin of said individual to provide signals repre- 
sentative of said subsequent event related pattern of 
physiological activity generated in the brain, aad 
said data acquisition/transformation stage being 
adapted to transform said signals representative of 5 
said subsequent event related pattern of physiolog- 
ical activity generated in the brain into subsequent 
pattern classification feature signals representative 
of said subsequent event related pattern of physio- 
logical activity generated in the brain of said indi- 10 
vidual, said data acquisition/transformation stage 
being further adapted to compare the stored said 
first pattern classification feature signals of said 
first event related pattern of physiological activity 
generated in the brain of said individual with said 15 
subsequent pattern classification feature signals 
representative of said subsequent event related 
pattern of physiological activity generated in the 
brain of said individual to indicate a brain impaired 
condition of said individual, said stimulator pro- 20 
vides a first series of stimulation events to evoke a 
first series of event related patterns of physiology 
ical activity generated tn the brain, said at least one 
sensor adapted to be operatively disposed with 
respect to the scalp or skin of said individual pro- 25 
vides a first series of signals representative of said 
first series of first event related patterns of physio- 
logical activity generated in the brain and said data 
acquisition/transformation stage coupled to re- 
ceive said first series of signals representative of 30 
said first series of first event related patterns of said 
physiological activity generated in the brain is 
adapted to transform said first series of signals 
representative of said first event related patterns of 
physiological activity generated in the brain into 25 
first patterns classification feature signals represen- 
tative of said first event related patterns of physio- 
logical activity generated in the brain of said indi- 
vidual, said data acquisition/transformation stage 
being further adapted to store said first classifica- 40 
tion feature signals of said individual and said stim- 
ulator includes a monitor and a computer coupled 
to said data acquisition/transformation stage to 
effect said first stimulation events of said individual 
in a predetermined time sequence with respect to 45 
the evoked said first series of event related patterns 
of physiological activity generated in the brain of 
said individual. 
52. A method of identifying an individual based upon 
data representing at least one pattern of physiological 50 
activity generated in the brain of said individual com- 
prising: 

a first stimulating of said individual with a first stimu- 
lation event which includes at least one stimulus to 
evoke a first event related pattern of physiological 55 
activity generated in the brain; 

a first sensing of signals representative of said first 
event related pattern of physiological activity gen- 
erated in the brain with a sensor adapted to be 
operatively disposed with respect to the scalp or 60 
skin of said individual; 

a first receiving of said signals representative of said 
first event related pattern of physiological activity 
generated in the brain in a data acquisition/trans- 
formation Stage; 65 

a first transforming of said signals representative of 
said first event related pattern of physiological 
activity generated in the brain into first pattern 



classification feature signals representative of said 
pattern of physiological activity generated in the 
brain of said individual in said data acquisition /- 
transformation stage; 
providing memory in said data acquisition/transfor- 
mation stage to store said first pattern classification 
feature signals of said first event related pattern of 
physiological activity generated in the brain of said 
individual; 

subsequently stimulating said individual with a subse- 
quent stimulation event which includes at least one 
stimulus for said individual to evoke a subsequent 
event related pattern of physiological activity gen- 
erated in the brain; 

subsequently sensing said subsequent event related 
pattern of physiological activity generated in the 
brain with said sensor adapted to be operatively 
disposed with respect to the scalp or skin of said 
individual to provide signals representative of said 
subsequent event related pattern of physiological 
activity generated in the brain; 

subsequently transforming said signals representative 
of said subsequent event related pattern of physio- 
logical activity generated in the brain into subse- 
quent pattern classification feature signals repre- 
sentative of said subsequent event related pattern of 
physiological activity generated in the brain of said 
individual in said data acquisition/transformation 
stage; and 

comparing the stored said first pattern classification 
feature signals of said first event related pattern of 
physiological activity generated in the brain of said 
individual with said subsequent pattern classifica- 
tion feature signals representative of said subse- 
quent event related pattern of physiological activ- 
ity generated in the brain of said individual in said 
data acquisition/transformation stage to indicate 
the identification thereof, said transforming is per- 
formed by a neural network in said data acquisi- 
tion/transformation stage that transforms said sig- 
nals representative of said first event related pat- 
tern of physiological activity generated in the brain 
and said subsequent event related pattern of physi- 
ological activity generated in the brain to create, 
train and test said neural network to distinguish 
said first pattern classification feature signals and 
said subsequent pattern classification feature sig- 
nals of satd individual. 
53, A method according to claim 52* in which said 
transforming is performed by said neural network of 
said data acquisition/transformation stage that trans- 
forms said signals representative of said first event re- 
lated pattern of physiological activity generated in the 
brain and subsequent event related pattern of physiolog- 
ical activity generated in the brain from a plurality of 
individuals to create, train and test said neural network 
to distinguish said first pattern classification feature 
signals and said subsequent pattern classification feature 
signals for each of said plurality of individuals. 

54 + A method of indicating a brain impaired condition 
of an identified individual based upon data representing 
at least one pattern of physiological activity generated 
in the brain of said individual comprising: 
a first stimulating of said individual with a first stimu- 
lation event which includes at least one stimulus to 
evoke a first event related pattern of physiological 
activity generated in the brain; 
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or skin of said individual to provide signals repre- 
sentative of said subsequent event related pattern of 
physiological activity generated in the brain, aad 
said data acquisition/transformation stage being 
adapted to transform said signals representative of 5 
said subsequent event related pattern of physiolog- 
ical activity generated in the brain into subsequent 
pattern classification feature signals representative 
of said subsequent event related pattern of physio- 
logical activity generated in the brain of said indi- 10 
vidual, said data acquisition/transformation stage 
being further adapted to compare the stored said 
first pattern classification feature signals of said 
first event related pattern of physiological activity 
generated in the brain of said individual with said 15 
subsequent pattern classification feature signals 
representative of said subsequent event related 
pattern of physiological activity generated in the 
brain of said individual to indicate a brain impaired 
condition of said individual, said stimulator pro- 20 
vides a first series of stimulation events to evoke a 
first series of event related patterns of physiology 
ical activity generated tn the brain, said at least one 
sensor adapted to be operatively disposed with 
respect to the scalp or skin of said individual pro- 25 
vides a first series of signals representative of said 
first series of first event related patterns of physio- 
logical activity generated in the brain and said data 
acquisition/transformation stage coupled to re- 
ceive said first series of signals representative of 30 
said first series of first event related patterns of said 
physiological activity generated in the brain is 
adapted to transform said first series of signals 
representative of said first event related patterns of 
physiological activity generated in the brain into 25 
first patterns classification feature signals represen- 
tative of said first event related patterns of physio- 
logical activity generated in the brain of said indi- 
vidual, said data acquisition/transformation stage 
being further adapted to store said first classifica- 40 
tion feature signals of said individual and said stim- 
ulator includes a monitor and a computer coupled 
to said data acquisition/transformation stage to 
effect said first stimulation events of said individual 
in a predetermined time sequence with respect to 45 
the evoked said first series of event related patterns 
of physiological activity generated in the brain of 
said individual. 
52. A method of identifying an individual based upon 
data representing at least one pattern of physiological 50 
activity generated in the brain of said individual com- 
prising: 

a first stimulating of said individual with a first stimu- 
lation event which includes at least one stimulus to 
evoke a first event related pattern of physiological 55 
activity generated in the brain; 

a first sensing of signals representative of said first 
event related pattern of physiological activity gen- 
erated in the brain with a sensor adapted to be 
operatively disposed with respect to the scalp or 60 
skin of said individual; 

a first receiving of said signals representative of said 
first event related pattern of physiological activity 
generated in the brain in a data acquisition/trans- 
formation Stage; 65 

a first transforming of said signals representative of 
said first event related pattern of physiological 
activity generated in the brain into first pattern 



classification feature signals representative of said 
pattern of physiological activity generated in the 
brain of said individual in said data acquisition /- 
transformation stage; 
providing memory in said data acquisition/transfor- 
mation stage to store said first pattern classification 
feature signals of said first event related pattern of 
physiological activity generated in the brain of said 
individual; 

subsequently stimulating said individual with a subse- 
quent stimulation event which includes at least one 
stimulus for said individual to evoke a subsequent 
event related pattern of physiological activity gen- 
erated in the brain; 

subsequently sensing said subsequent event related 
pattern of physiological activity generated in the 
brain with said sensor adapted to be operatively 
disposed with respect to the scalp or skin of said 
individual to provide signals representative of said 
subsequent event related pattern of physiological 
activity generated in the brain; 

subsequently transforming said signals representative 
of said subsequent event related pattern of physio- 
logical activity generated in the brain into subse- 
quent pattern classification feature signals repre- 
sentative of said subsequent event related pattern of 
physiological activity generated in the brain of said 
individual in said data acquisition/transformation 
stage; and 

comparing the stored said first pattern classification 
feature signals of said first event related pattern of 
physiological activity generated in the brain of said 
individual with said subsequent pattern classifica- 
tion feature signals representative of said subse- 
quent event related pattern of physiological activ- 
ity generated in the brain of said individual in said 
data acquisition/transformation stage to indicate 
the identification thereof, said transforming is per- 
formed by a neural network in said data acquisi- 
tion/transformation stage that transforms said sig- 
nals representative of said first event related pat- 
tern of physiological activity generated in the brain 
and said subsequent event related pattern of physi- 
ological activity generated in the brain to create, 
train and test said neural network to distinguish 
said first pattern classification feature signals and 
said subsequent pattern classification feature sig- 
nals of satd individual. 
53, A method according to claim 52* in which said 
transforming is performed by said neural network of 
said data acquisition/transformation stage that trans- 
forms said signals representative of said first event re- 
lated pattern of physiological activity generated in the 
brain and subsequent event related pattern of physiolog- 
ical activity generated in the brain from a plurality of 
individuals to create, train and test said neural network 
to distinguish said first pattern classification feature 
signals and said subsequent pattern classification feature 
signals for each of said plurality of individuals. 

54 + A method of indicating a brain impaired condition 
of an identified individual based upon data representing 
at least one pattern of physiological activity generated 
in the brain of said individual comprising: 
a first stimulating of said individual with a first stimu- 
lation event which includes at least one stimulus to 
evoke a first event related pattern of physiological 
activity generated in the brain; 
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or skin of said individual to provide signals repre- 
sentative of said subsequent event related pattern of 
physiological activity generated in the brain, aad 
said data acquisition/transformation stage being 
adapted to transform said signals representative of 5 
said subsequent event related pattern of physiolog- 
ical activity generated in the brain into subsequent 
pattern classification feature signals representative 
of said subsequent event related pattern of physio- 
logical activity generated in the brain of said indi- 10 
vidual, said data acquisition/transformation stage 
being further adapted to compare the stored said 
first pattern classification feature signals of said 
first event related pattern of physiological activity 
generated in the brain of said individual with said 15 
subsequent pattern classification feature signals 
representative of said subsequent event related 
pattern of physiological activity generated in the 
brain of said individual to indicate a brain impaired 
condition of said individual, said stimulator pro- 20 
vides a first series of stimulation events to evoke a 
first series of event related patterns of physiology 
ical activity generated tn the brain, said at least one 
sensor adapted to be operatively disposed with 
respect to the scalp or skin of said individual pro- 25 
vides a first series of signals representative of said 
first series of first event related patterns of physio- 
logical activity generated in the brain and said data 
acquisition/transformation stage coupled to re- 
ceive said first series of signals representative of 30 
said first series of first event related patterns of said 
physiological activity generated in the brain is 
adapted to transform said first series of signals 
representative of said first event related patterns of 
physiological activity generated in the brain into 25 
first patterns classification feature signals represen- 
tative of said first event related patterns of physio- 
logical activity generated in the brain of said indi- 
vidual, said data acquisition/transformation stage 
being further adapted to store said first classifica- 40 
tion feature signals of said individual and said stim- 
ulator includes a monitor and a computer coupled 
to said data acquisition/transformation stage to 
effect said first stimulation events of said individual 
in a predetermined time sequence with respect to 45 
the evoked said first series of event related patterns 
of physiological activity generated in the brain of 
said individual. 
52. A method of identifying an individual based upon 
data representing at least one pattern of physiological 50 
activity generated in the brain of said individual com- 
prising: 

a first stimulating of said individual with a first stimu- 
lation event which includes at least one stimulus to 
evoke a first event related pattern of physiological 55 
activity generated in the brain; 

a first sensing of signals representative of said first 
event related pattern of physiological activity gen- 
erated in the brain with a sensor adapted to be 
operatively disposed with respect to the scalp or 60 
skin of said individual; 

a first receiving of said signals representative of said 
first event related pattern of physiological activity 
generated in the brain in a data acquisition/trans- 
formation Stage; 65 

a first transforming of said signals representative of 
said first event related pattern of physiological 
activity generated in the brain into first pattern 



classification feature signals representative of said 
pattern of physiological activity generated in the 
brain of said individual in said data acquisition /- 
transformation stage; 
providing memory in said data acquisition/transfor- 
mation stage to store said first pattern classification 
feature signals of said first event related pattern of 
physiological activity generated in the brain of said 
individual; 

subsequently stimulating said individual with a subse- 
quent stimulation event which includes at least one 
stimulus for said individual to evoke a subsequent 
event related pattern of physiological activity gen- 
erated in the brain; 

subsequently sensing said subsequent event related 
pattern of physiological activity generated in the 
brain with said sensor adapted to be operatively 
disposed with respect to the scalp or skin of said 
individual to provide signals representative of said 
subsequent event related pattern of physiological 
activity generated in the brain; 

subsequently transforming said signals representative 
of said subsequent event related pattern of physio- 
logical activity generated in the brain into subse- 
quent pattern classification feature signals repre- 
sentative of said subsequent event related pattern of 
physiological activity generated in the brain of said 
individual in said data acquisition/transformation 
stage; and 

comparing the stored said first pattern classification 
feature signals of said first event related pattern of 
physiological activity generated in the brain of said 
individual with said subsequent pattern classifica- 
tion feature signals representative of said subse- 
quent event related pattern of physiological activ- 
ity generated in the brain of said individual in said 
data acquisition/transformation stage to indicate 
the identification thereof, said transforming is per- 
formed by a neural network in said data acquisi- 
tion/transformation stage that transforms said sig- 
nals representative of said first event related pat- 
tern of physiological activity generated in the brain 
and said subsequent event related pattern of physi- 
ological activity generated in the brain to create, 
train and test said neural network to distinguish 
said first pattern classification feature signals and 
said subsequent pattern classification feature sig- 
nals of satd individual. 
53, A method according to claim 52* in which said 
transforming is performed by said neural network of 
said data acquisition/transformation stage that trans- 
forms said signals representative of said first event re- 
lated pattern of physiological activity generated in the 
brain and subsequent event related pattern of physiolog- 
ical activity generated in the brain from a plurality of 
individuals to create, train and test said neural network 
to distinguish said first pattern classification feature 
signals and said subsequent pattern classification feature 
signals for each of said plurality of individuals. 

54 + A method of indicating a brain impaired condition 
of an identified individual based upon data representing 
at least one pattern of physiological activity generated 
in the brain of said individual comprising: 
a first stimulating of said individual with a first stimu- 
lation event which includes at least one stimulus to 
evoke a first event related pattern of physiological 
activity generated in the brain; 
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said subsequent event related pattern of physiolog- 
ical activity generated in the brain to create, train 
and test said neural network to distinguish said first 
pattern classification feature signals and said subse- 
quent pattern classification feature signals of said 5 
individual, said transforming is performed by a 
suitably programmed said neural network of said 
computer of said data acquisition/transformation 
stage that transforms said signals representative of 
said first event related pattern of physiological 10 
activity generated in the brain and subsequent 
event related pattern of physiological activity gen- 
erated in the brain from a plurality of individuals to 
create, train and test said neural network to distin- 
guish said first pattern classification feature signals 15 
and said subsequent pattern classification feature 
signals for each of said plurality of individuals, 

59. A method of indicating a brain impaired condition 
of an identified individual based upon data representing 
at least one pattern of physiological activity generated 20 
in the brain of said individual comprising: 

a first stimulating of said individual with a first stimu- 
lation event which includes at least one stimulus to 
evoke a first event related pattern of physiological 
activity generated in the brain; 25 

a first sensing of signals representative of said first 
event related pattern of physiological activity gen- 
erated in the brain with a sensor adapted to be 
operatively disposed with respect to the scalp or 
skin of said individual; 30 

a first receiving of said signals representative of said 
first event related pattern of physiological activity 
generated in the brain in a data acquisition/trans- 
formation stage; 

a first transforming of said signals representative of 35 
said first event related pattern of physiological 
activity generated in the brain into first pattern 
classification feature signals representative of said 
pattern of physiological activity generated in the 
brain of said individual in said data acquisition/- 40 
transformation stage; 

providing memory in said data acquisition/transfor- 
mation stage to store said first pattern classification 
feature signals of said first event related pattern of 
physiological activity generated in the brain of said 45 
individual; 

subsequently stimulating said individual with a subse- 
quent stimulation event which includes at least one 
stimulus for said individual to evoke a subsequent 
event related pattern of 50 

subsequently sensing said subsequent event related 
pattern of said physiological activity generated in 
the brain with a sensor adapted to be operatively 
disposed with respect to the scalp or skin of said 
individual to provide signals representative of said 55 
subsequent event related pattern of physiological 
activity generated in the brain; 

subsequently transforming said signals representative 
of said subsequent event related pattern of physio* 
logical activity generated in the brain into subse- 60 
quent pattern classification feature signals repre* 
sentative of said subsequent event related pattern of 
physiological activity generated in the brain of said 
individual in said data acquisition/transformation 
stage; and 65 

comparing the stored said first pattern classification 
feature signals of said first event related pattern of 
physiological activity generated in the brain of said 



individual with said subsequent pattern classifica- 
tion feature signals representative of said subse- 
quent event related pattern of physiological activ- 
ity generated in the brain of said individual in said 
data acquisition/transformation stage to indicate a 
brain impaired condition thereof, said transforming 
is performed by a suitably programmed first com- 
puter having a neural network in said data acquisi- 
tion/transformation stage that transforms said sig- 
nals representative of said first event related pat- 
tern of physiological activity generated in the brain 
and said subsequent event related pattern of physi- 
ological activity generated in the brain to create, 
train and te&t said neural network to distinguish 
said first pattern classification feature signals and 
said subsequent pattern classification feature sig- 
nals of said individual, said transforming is per- 
formed by a suitably programmed said neural net- 
work of said computer of said data acquisition/- 
transfonnation stage that transforms said signals 
representative of said first event related pattern of 
physiological activity generated in the brain and 
subsequent event related pattern of physiological 
activity generated in the brain from a plurality of 
individuals to create, train and test said neural net- 
work to distinguish said first pattern classification 
feature signals and said subsequent pattern classifi- 
cation feature signals for each of said plurality of 
individuals. 

60. A method of identifying an individual based upon 
data representing at least one pattern of physiological 
activity generated in the brain of said individual com- 
prising: 

a first stimulating of said individual with a first stimu- 
lation event which includes at least one stimulus to 
evoke a first event related pattern of physiological 
activity generated in the brain; 

a first sensing of signals representative of said first 
event related pattern of physiological activity gen- 
erated in the brain with a sensor adapted to be 
operatively disposed with respect to the scalp or 
skin of said individual; 

a first receiving of said signals representative of said 
first event related pattern of physiological activity 
generated in the brain in a data acquisition/trans- 
formation stage; 

a first transforming of said signals representative of 
said first event related pattern of physiological 
activity generated in the brain into first pattern 
classification feature signals representative of said 
pattern of physiological activity generated in the 
brain of said individual in said data acquisition/- 
transformation stage; 

providing memory in said data acquisition/transfor- 
mation stage to store said first pattern classification 
feature signals of said first event related pattern of 
physiological activity generated in the brain of said 
individual; 

subsequently stimulating said individual with a subse- 
quent stimulation event which includes at least one 
stimulus for said individual to evoke a subsequent 
event related pattern of physiological activity gen- 
erated in the brain; 

subsequently sensing said subsequent event related 
pattern of physiological activity generated in the 
brain with said sensor adapted to be operatively 
disposed with respect to the scalp or skin of said 
individual to provide signals representative of said 
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subsequent event related pattern of physiological 
activity generated in the brain; 

subsequently transforming said signals representative 
of said subsequent event related pattern of physio- 
logical activity generated in the brain into subse- 5 
quent pattern classification feature signals repre- 
sentative of said subsequent event related pattern of 
physiological activity generated in the brain of said 
individual in said data acquisition/transformation 
stage; and 10 

comparing the stored said first pattern classification 
feature signals of said first event related pattern of 
physiological activity generated in the brain of said 
individual with said subsequent pattern classifica- 
tion feature signals representative of said subse- 15 
quent event related pattern of physiological activ- 
ity generated in the brain of said individual in said 
data acquisition/transformation stage to indicate 
the identification thereof, said first stimulating is 
the providing of a first series of stimulation events 20 
to evoke a first series of event related patterns of 
physiological activity generated in the brain, said 
first sensing by at least one sensor adapted to be 
operative! y disposed with respect to the scalp or 
skin of said individual provides a first series of 25 
signals representative of said first series of first 
event related patterns of physiological activity 
generated in the brain, said first transforming is by 
said data acquisition/transformation stage that 
transforms said first series of signals representative 30 
of said first series of first event related patterns of 
physiological activity generated in the brain into 
first patterns classification feature signals represen- 
tative of said first event related patterns of physio- 
logical activity generated in the brain of said indi- 35 
vidual and said providing memory is the storing of 
said first pattern classification feature signals of 
said individual. 

61, A method of identifying a brain impaired condi- 
tion of an identified individual based upon data repre- 40 
senting at least one pattern of physiological activity 
generated in the brain of said individual comprising: 

a first stimulating of said individual with a first stimu- 
lation event which includes at least one stimulus to 
evoke a first event related pattern of physiological 45 
activity generated in the brain; 

a first sensing of signals representative of said first 
event related pattern of physiological activity gen- 
erated in the brain with a sensor adapted to be 
operatively disposed with respect to the scalp or 50 
skin of said individual; 

a first receiving of said signals representative of said 
first event related pattern of physiological activity 
generated in the brain in a data acquisition/trans- 
formation stage; 55 

a first transforming of said signals representative of 
said first event related pattern of physiological 
activity generated in the brain into first pattern 



classification feature signals representative of said 
pattern of physiological activity generated in the 
brain of said individual in said data acquisition/- 
transformation stage; 
providing memory in said data acquisition/transfor- 
mation stage to store said first pattern classification 
feature signals of said first event related pattern of 
physiological activity generated in the brain of said 
individual; 

subsequently stimulating said individual with a subse- 
quent stimulation event which includes at least one 
stimulus for said individual to evoke a subsequent 
event related pattern of physiological activity gen- 
erated in the brain; 

subsequently sensing said subsequent event related 
pattern of said physiological activity generated in 
the brain with a sensor adapted to be operatively 
disposed with respect to the scalp or skin of said 
individual to provide signals representative of said 
subsequent event related pattern of physiological 
activity generated in the brain; 

subsequently transforming said signals representative 
of said subsequent event related pattern of physio- 
logical activity generated in the brain into subse- 
quent pattern classification feature signals repre- 
sentative of said subsequent event related pattern of 
physiological activity generated in the brain of said 
individual in said data acquisition/transformation 
stage; and 

comparing the stored said first pattern classification 
feature signals of said first event related pattern of 
physiological activity generated in the brain of said 
individual with said subsequent pattern classifica- 
tion feature signals representative of said subse- 
quent event related pattern of physiological activ- 
ity generated in the brain of said individual in said 
data acquisition/transformation stage to indicate a 
brain impaired condition thereof \ said first stimulat- 
ing is the providing of a first series of stimulation 
events to evoke a first series of event related pat- 
terns of physiological activity generated in the 
brain, said first sensing by at least one sensor 
adapted to be operatively disposed with respect to 
the scalp or skin of said individual provides a first 
series of signals representative of said first series of 
first event related patterns of physiological activity 
generated in the brain f said first transforming is by 
said data acquisition/transformation stage that 
transforms said first series of signals representative 
of said first series of first event related patterns of 
physiological activity generated in the brain into 
first patterns classification feature signals represen- 
tative of said first event related patterns of physio- 
logical activity generated in the brain of said indi- 
vidual and said providing memory is the storing of 
said first patterns classification feature signals of 
said individual. 
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